Introduction
Gastrointestinal endoscopy in children and infants is a widely used diagnostic tool for gastrointestinal disorders. Technically, there are no significant differences in how the procedure is performed in adult and pediatric patients. However, to carry out gastrointestinal endoscopy safely and comfortably in children and infants, certain conditions must be fulfilled. Apart from the characteristic structural preconditions of pediatric endoscopy such as special monitoring equipment and small endoscopes for infants, skilled nurses and physicians responsible for anesthesia or sedation are required. In small infants, endoscopy is indicated for various conditions; thus, endoscopists need to be specially qualified to be able to interpret the diagnostic findings. In this context, it is important to take into account the revised guidelines for pediatric gastrointestinal endoscopy issued by the North American Society of Pediatric Gastroenterology and Nutrition in 2013 [1] .
Specific pediatric characteristics relevant to the field of endoscopy will be discussed in the following article including some important guidelines and recommendations for gastrointestinal endoscopy in pediatric patients. In the second part, some typical pediatric indications are presented including endoscopic images taken at our Center of Pediatric Gastroenterology were we perform over 500 endoscopies annually.
Technical and Structural Preconditions
The basic equipment for pediatric endoscopy consists of a video processor and monitor, a light source, and various endoscopes, as well as washing machines for cleaning the endoscopes. In addition, a digital documentation system is now essential.
Safe endoscopy in infants requires very small endoscopes with an outer diameter of 5-6 mm, which are available from several manufacturers [2] . It goes without saying that equipment such as
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Lang Visc Med 2016;32:7-11 8 biopsy forceps, foreign body forceps, polypectomy snares, and sclerotherapy needles suitable for small endoscopes is needed. Often, pediatric gastroenterologists are able to use the equipment of an adult endoscopy unit, thereby saving costs.
An invasive procedure such as endoscopy may provoke an emergency state; hence, intensive monitoring of pediatric patients is essential. Continuous monitoring of oxygen saturation and heart rate (pulse oximeter with pediatric sensors, electrocardiogram) and intermittent blood pressure measurement are absolutely essential. The endoscopy suite must be equipped with pressurized 100% oxygen and additional suction outlets or a mobile suction unit.
In almost all cases, gastrointestinal endoscopy in infants has to be done under deep sedation or general anesthesia, and for the case that complications arise, it must be possible to react immediately. An emergency trolley completely equipped for cardiopulmonary resuscitation (including different sized masks, instruments for airway intubation, and drugs) should always be on standby.
In our clinic, 90% of all endoscopies are done under deep sedation (propofol in combination with an opiate). In critically ill infants or with therapeutic endoscopies, general anesthesia is sometimes necessary [3] . It is mandatory that deep sedation of infants is carried out by skilled personnel such as pediatric anesthesiologists (as is done in our department) or pediatric intensive care specialists.
The endoscopist as well as the assisting staff have to be well trained in endoscopy in small infants. It is absolutely forbidden that the pediatric endoscopist be simultaneously responsible for sedation, necessitating the presence of a second skilled person during the procedure [4] .
Due to the need for urgent intervention in the case of complications, endoscopic procedures such as dilation of strictures or polypectomy should be carried out in a pediatric clinic with a pediatric surgery department.
Pediatric Indications for Gastrointestinal Endoscopy
Patient preparation, special indications or contraindications, and risks and complications related to the procedure are among the factors to be considered before performing endoscopy in small infants. In the following paragraphs, examples of pediatric indications are presented together with endoscopic images from our clinic.
One typical indication for an urgent endoscopy in infants is the ingestion of a foreign body (usually coins, batteries, hair clips, or toy parts). Most affected children are between 1 and 3 years of age; however, ingestion can occur even in the first year of life. A foreign body in the esophagus is an absolutely emergency, and the endoscopy has to be done at once whether or not a confirming X-ray is available. Typical symptoms are refusal to swallow, salivation, and sometimes coughing [5] .
The large lithium 3 V coin batteries measuring 2 cm in diameter are very dangerous for infants because of their higher voltage in contrast to the widespread 1.5 V coin batteries which are also smaller in diameter [6] . Only 3 h after ingestion, deep ulcers can be seen on endoscopy ( fig. 1) , and sometimes perforations into the mediastinum or even the tracheobronchial system can occur ( fig. 2 , tracheoesophageal fistula). A rare but urgent indication for endoscopy is the ingestion of potassium permanganate (KMnO 4 ). The small crystalline particles adhere to the esophageal mucosa where they are capable of aggressively causing perforations. Hence, the endoscopist has to remove each crystal from the mucosa using a forceps or brush ( fig. 3a before and fig. 3b after removal of KMnO 4 ).
Newborns suffering from congenital gastrointestinal malformations commonly undergo surgery. After surgical correction of an esophageal atresia, strictures are a common complication. Endoscopic balloon dilation is a good option for these patients to avoid further surgical interventions (fig. 4) . In our institution, we start the dilation with very small balloons (e.g., 6 mm in diameter) under radiologic control to avoid perforation. In several sessions 4-6 weeks apart, balloons measuring 8 and 10 mm in diameter are introduced step by step.
Infants with neurological impairment and difficulties swallowing or children who need high-calorie nutrition (e.g., patients with congenital heart failure or cystic fibrosis) often are dependent on tube feeding. In these cases, a percutaneous endoscopic gastrostomy (PEG) is the best choice even in small infants. In all children, even premature infants, we safely use the 14Ch or 15Ch PEG. The inner retaining plate of the tube is the limiting factor for doing a PEG in small infants, as it has the same diameter in the 14Ch and 15Ch PEG as in the 9Ch PEG. Other than that, occlusion of the tube (e.g., with medication) can be avoided by using bigger sizes. Peri-interventional antibiotic therapy is only indicated in immunodeficient children or in patients with ventriculoperitoneal shunts.
Similar to adult patients, endoscopic retrograde cholangiopancreatography (ERCP) with papillotomy is usually the procedure of choice in acute cholestasis in pediatric patients with gallstones. Before a surgical cholecystectomy is planned, several laboratory tests are required to clarify the etiology of the gallstones. Important differences exist compared to adult patients (table 1) [6] .
For infants with cholestasis who are only a few weeks old, ERCP is the best diagnostic tool to rule out biliary atresia ( fig. 5 ). In pa- operation with an adult endoscopist in a safe pediatric anesthesiological setting.
Recurrent abdominal pain is another indication for diagnostic endoscopy in children. In this setting, the endoscopist must be aware that in over 50% of cases the chronic abdominal pain has no organic cause. It is very important to only carry out an upper endoscopy in patients with certain symptoms called 'red flags' (table 2) . In fact, the pediatric endoscopist must avoid performing unnecessarily high numbers of endoscopies in children.
In pediatric colonoscopy, one typical indication is blood in the stool. The cause of bloody stools depends on age (table 3) .
Rectal bleeding in small infants is often the result of intolerance to cow's milk protein. Allergic reactions cause lymphofollicular hyperplasia, and the swollen lymphatic tissue itself causes the bloody stools ( fig. 6 ). Affected infants are usually in good condition and appear to be healthy. Colonoscopy is not necessary in typical cases. In formula-fed infants, therapy consists of feeding an extensively hydrolyzed diet or amino acid formula. In breastfed children, the mother has to avoid cow's milk protein in her diet.
Colorectal polyps in toddlers often lead to painless rectal bleeding. Over 90% of these polyps are left-sided and occur mostly in the rectum. The polyps are removed with polypectomy snares ( fig. 7) , and a histological examination is mandatory. In nearly all cases, the polyps are juvenile polyps without risk for malignancy. Familial polyposis syndromes are rare, and a positive family history is an important warning sign.
Complications in Pediatric Gastrointestinal Endoscopy
Pediatric gastrointestinal endoscopy is an invasive procedure done under deep sedation or general anesthesia. Thus, complications can occur due to both the anesthesia and the endoscopic procedure. Anesthesiological complications are rare and mostly occur in small infants or critically ill patients. Therefore, we recommend that a physician trained in endotracheal intubation and cardiopulmonary resuscitation performs the sedation or anesthesia in these patient groups.
Risks in endoscopy include perforations in small infants especially if smaller sized equipment is not available. Bleeding is a rare complication in pediatric patients because of a lower rate of comorbidity and concurrent medication (e.g., anticoagulation).
Pediatric data of complication rates in gastrointestinal endoscopy are scarce, reporting rates between 0.09% for perforation [8] and <1% for all complications [9, 10] . Data from our Department of Pediatric Endoscopy (3 perforations, no death in 5,022 endoscopies in 15 years) show a rate of severe complications of 0.06%. This is approximately the same rate as found in other series.
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